The knowledge of ant diversity in an area can provide important information to set up management and conservation planning. This study aimed to identify the ants colonizing cultivated areas comparing their composition, abundance and diversity with the myrmecofauna from a non-managed area. The research was carried out at the Farm School at the Maranhão State University in São Luis, Northeastern Brazil from August, 2011 to July, 2012 in three environments (citrus orchard, agroforestry system and secondary forest), using pitfall traps. Ants were collected every two weeks, totaling 24 collections, from August, 2011 to July, 2012. We identified 21 species, with predominance of the sub family Myrmicinae, the genera Pheidole and the species Pheidole obscurithorax Naves, 1985. The study of ant abundance, composition, richness and similarity, showed higher diversity in the agroforestry system.
INTRODUCTION
The indiscriminate use of natural resources is causing harm to ecosystems worldwide (Santos et al., 2006) . However, biodiversity has been identified as a crucial factor for the operation and stability of ecosystems (Hooper et al., 2005) .
One way to assess environmental quality associated with areas under cultivation to detect and monitor changes in biodiversity, is the study of species that behave as environmental degradation bioindicators.Their high diversity and sensitivity to changes in the biological and physical environments, highlights the ants (Santos et al., 2006) . The Formicidea (Insecta: Hymenoptera: Formicidae) are related with many important land environment processes acting as herbivores, pollinators, seed dispersers and predators, being important pests in urban and agrosilvicultural areas. In addition, ants are recognized as potential indicators of ecosystem environmental quality (Freitas et al., 2006) , since they work in all levels of the food chain (Folgarait, 1998) playing a key role in ecosystems maintenance.
The ant diversity surveys portray a temporary and permanent situation of the evaluated environments which are frequently associated with agricultural activities. It is *Corresponding author. E-mail: rlemos@cca.uema.br, Tel:(+55) 98 9972 9504.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License assumed that differences observed among studied areas resulting from farming practices, may affect ant community due to changes in microclimate conditions, food supply and species nesting areas. The objective of this research was to compare abundance, diversity, richness, composition and similarity of ant communities that colonize areas under cultivation (Citrus orchard and Agroforestry system) with a non-cultivated area (Secondary forest).
MATERIALS AND METHODS
This research was carried out at the Farm School of the Maranhão State University at São Luis, in three sites:Citrus orchard (02° 58' 75" S and 44° 20' 79" W), Agroforest system (02° 58' 35" S and 44° 20' 81" W), and Secondary forest (02°58' 88" S and 44° 20' 88" W).
The Citrus orchard was planted in 2003, in anarea of 0.5 ha where the following species are grown: Tahiti lime (Citrus latifolia Tan.), Natal Folha Murcha orange (Camellia sinensis L. Obs.), Tanjaroa tangerine (Camellia reticulate Blanco), Rugoso-doMaranhão lemon (Citrus sp.) and Galego lemon (Citrus aurantifolia Swing.), all grafted over Cravo lemon (Citrus limonia Osb.). Plant spacing is 6 x 6 m. The Rugoso-do-Maranhão lemon and Tanjaroa tangerine are local selections collected in Maranhão State, northeastern Brazil.
The Agroforestry system was planted in 2004 in an area of 600 m². Its main crop is cupuaçu Theobroma grandiflorum Willd ex Spreng). There are four clones of grafted cupuaçu: Manacapuru, Codajás, Coari and Belém at 5 x 6 m spacing intercropped with dry land Açaí (Euterpe oleracea Mart.) at 2.5 x 6 m spacing, to provide definitive shading to the main crop and also to fruit production. Additionally, Inga edulis Mart. was planted just beside Açaí, at 1.25 x 6 m spacing to provide temporary shading for cupuaçu and to serve as source of biomass for the agroforest system. The secondary forest fragment assessed in this study is known as Rosa Mochel Forest Reserve, with an area of eight hectares and more than 40 years old, whose vegetation is described as Ombrophillous Mixed Forest. Nine pitfall traps were placed in each area, totaling 27 by collection which were distributed in a transect (3x3) spaced by 10m. Every 15 days the traps were placed in the field and recovered after 48 h. Therefore, 24 collections were done in the period from August 2011 to July 2012. The traps consisted of 400 ml plastic cups, containing a (9:1) water and neutral detergent solution. They were duly numbered and buried in the soil, keeping the flatness of the cup edge with the soil surface and respecting border effects. A cover made with plastic plates and wire was assembled and placed over each trap to protect from the rain.
The collected material was identified at the Entomology Laboratory from the Maranhão State University at São Luis, by means of a Stemi DV4 stereomicroscope. Identification at species level was done at the Ant Taxonomy and Systematics Laboratory at the Emílio Goeldi Museum at Para State (EGMPS), based on external morphology, by comparison with other species from the EGMPS using taxonomic keys available in the literature.The collected material was deposited in the Entomological Collection from the Maranhão State University and in the Invertebrate Collection from the EGMPS.
The myrmecofauna abundance was recorded based on the species absolute frequencies from each sample. The species saturation curves based on ant abundance were computed for each studied area by means of the Mao Tau function in the estimates 8 program (Colwell, 2006) .The Jaccard index was used to analyze variation in the species composition among the studied areas. This index is very useful to analyze species presence and absence data since species composition among the studied areas is assessed with equal weights. It is computed as J = a / (a + b + c), where a is the number of species in common to both areas b and c are the number of species represented exclusively in each area. The Jaccard index intervals were, for J = 0.0 (no species to be divided in two collections) and for J = 1.0 (identical composition from two collections) (Chao et al., 2005) .
The Shannon-Wiener index was computed by the formula:
, where pi: frequency of each species (the proportion of the species related to the total number of the species found in the survey) for i ranging from 1 to S (number of species). The Simpson index by: , and Pielou equitativity by: . The indexes were computed by means of the software BioDiversity Pro.
RESULTS AND DISCUSSION
A total of 21 species of ants were identified with predominance of the subfamily Myrmicinae, the genera Pheidole and the species Pheidole obscurithorax Naves, 1985 (Table 1 ). The subfamily Myrmicinae had the highest number of species, (n = 10), followed by Formicinae (n = 8), Ponerinae, Ectatomminae and Ecitoninae (n = 1, each) (Table 1) . Myrmicinae, the most abundant subfamily in this study, is also dominant in many Brazilian ecosystems in number of genera and species (Albuquerque and Diehl, 2009 ). The genus Camponotus had the highest species richness (n = 5), followed by Pheidole (n = 3), Acromyrmex, Brachymyrmex and Crematogaster (n = 2, each), Labidus, Ectatomma, Mycocepurus, Paratrechina, Solenopsis, Trachymyrmex and Pachycondyla (n = 1, each) ( Table 1 ). The genus Camponotus is represented by the carpenter ants are important ecological components of most environments where they act as predators, scavengers (necrophagous) and food for other animals (Hansen and Klotz, 2005) . They are also tolerant to moisture and temperature range of variation (Tavares et al., 2008) .
The most abundant species was P. obscurithorax Naves, 1985 followed by Solenopsis tridens Forel, 1911 and Camponotus brettesi Latreille, 1809 (Table 1) . Ants from the genera Pheidole are most common in the Neotropical region, where they are associated with different plant communities. They are predominant in all terrestrial ecosystems in species diversity, geographical distribution and abundance, since they show wide tolerance to environmental conditions (Corrêa et al., 2006) . All species were found in all three areas except Trachymyrmex nr. JTL-004 which was not found in the (Latreille, 1802) 15 (23) 13 (45) 19 (40) Myrmicinae Acromyrmex coronatus (Fabricius, 1804) 16 (26) 7 (10) 10 (20) Acromyrmex landolti (Forel, 1885) 9 (47) 6 (7) 9 (13) Crematogaster evallans Forel, 1907 54 (121) 16 (28) 65 (211 Secondary forest (Table1). Most species from the genera Trachymyrmex are of small size. They forage in a conspicual way on the soil, opportunistically collecting a wide variety of items from the symbiotic fungus substrate, including animal faeces and dried plant parts. Occasionally, they feed on live plant parts (Mayhê-Nunes and Brandão, 2007) . The only army-ant found in this study was Labidus coecus Latreille, 1809 which was found in all studied areas (Table 1) . Ants belonging to the genera Labidus are characteristically invaders and extremely aggressive attacking soil fauna (Hölldobler and Wilson, 1990) . Occurrence of this species in this study may be explained by its well known nomadic behavior.
The highest values for H' and J' indexes were recorded in Agroforest system (H'=1.12; J'= 0.89) and citrus orchard (H'=1.11; J'= 0.89), and the lowest values for such parameters were recorded in Secondary forest (H'= 0.99; J'= 0.25), where Simpson index (λ=0.14) reached the highest value (Table 1) . Therefore, the Agroforestry system was considered the most diverse among the studied areas. Agroforestry systems can be suitable habitats for ant communities, but management is also important since the forest ants suffer with canopy cover reduction and associated microclimate modifications (Bos et al., 2007) .
The species saturation curves demonstrated that ant species richness increased reaching the asymptote, indicating that the sample effort and sample sizes were appropriate. They also showed that species richness were similar in all the studied areas (Figure 1) . It was expected that the Secondary forest would be different from the other treatments due to its natural high niche diversity and plant species richness, and therefore, higher ant species diversity (Leal et al., 2012) .
However, this did not happen probably due to anthropogenic perturbance and to its area size. According to Báldi (2008) small and more homogeneous areas often harbor a lower number of species than large and heterogeneous areas. The Jaccard index showed a high level of similarity of species composition among the studied areas.The Citrus orchard and Agroforestry system had higher number of and similar species with a similarity higher than the secondary forest compared with the two agroecosystems (Figure 2 ). The effects of habitat fragmentation, as well as anthropogenic effects on microclimate and vegetation enable ant adaptation to colonize other agroecosystems (Leal et al., 2012) . It is suggested that this could be occurring within the Rosa Mochel Reserve where many ant species migrate from the near forest fragment to the orchards, searching for resources for their survival. This study quotes the species S. tridens and P. obscurithorax which were most frequent in the Secondary Forest fragment and also showed high frequency values in the Citrus orchard and Agroforest system. A very strong anthropogenic activity including deforestation, presence of tracks in the woods and waste deposits were observed in the Secondary forest when compared with the other agroecosystems. This was reflected in the low ant diversity found in this area, as well as in the absence of the species Trachymyrmex nr. JTL-004, which was found in the other agroecosystems and is sensitive to disturbance (Longino, 2007) . Also the few records of army ants which are known to suffer population reduction and even local extinction as a result of the forest fragmentation process (Freitas et al., 2006) reflect this. The high abundance values of the species Paratrechina nr. longicornis (currens )and S. Tridens in this area confirm the hypothesis of high disturbance since these species are related to areas that were subjected to alterations (Fernández, 2003) . However, even with the finding of intense environmental disturbance one can only recommend preservation of the Rosa Mochel forest reserve which is considered as a natural treasure for the region.
Conclusion
The myrmecofauna observed in the three studied areas is composed basically by the same species, except for Trachymyrmex nr. JTL-004 which was not found in the Secondary forest. The subfamily Myrmicinae, the genus Pheidole and the species P. obscurithorax are the most abundant. The species richness is similar in all the studied areas. The agroforestry system and the citrus orchard are quite similar, indicating a similar composition between these two environments. The Agroforestry system showed the highest ant species diversity.
